Abstract. This paper studies the behavior of the implied volatility function (smile) when the true distribution of the underlying asset is consistent with the stochastic volatility model proposed by Heston (1993). The main result of the paper is to extend previous results applicable to the smile as a whole to alternative degrees of moneyness. The conditions under which the implied volatility function changes whenever there is a change in the parameters associated with Heston's stochastic volatility model for a given degree of moneyness are given.
Introduction
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It has been discussed throughly by Heston (1993) , Rubinstein (1994) , Bakshi et al. (1997) , Backus et al. (1997; hereafter BFLW), and Das and Sundaram (1999;  hereafter DS), among others, that the smile may be attributed to the presence of excess kurtosis in the return distribution of the underlying asset. It is clear that excess kurtosis makes extreme observations more likely than in the BS case. This increases the value of out-of-the-money and in-the-money options relative to at-the-money options, creating the smile. However, at least in the U.S. market and for options on the stock indices, the pattern shown by data contains a clear asymmetry in the shape of the smile. This may be due to the presence of skewness in the distribution that has the effect of accentuating just one side of the smile. It is associated with the (generally) negative correlation between volatility and underlying returns. In other words, the BS pricing biases illustrated by the smile (smirk) indicate that the underlying distribution implicit in option prices is skewed and fat-tailed.
Given this common empirical evidence, extensions to the BS model that exhibit excess kurtosis and skewness have been proposed in recent years along two lines of research. On the one hand, two fully developed theoretical diffusion frameworks with closed-form solutions are available: the jump-diffusion model under a Poisson-driven jump process suggested by Bates (1996) , and the stochastic volatility model proposed by Heston (1993) . On the other hand, Jarrow and Rudd (1982) first proposed option price expressions as functions of higher moments by employing characteristic function expansions. Corrado and Su (1996) , and BFLW (1997) adapt this idea by using a Gram-Charlier series expansion of the normal density function to obtain skewness and kurtosis adjustment terms for the Black-Scholes formula.
In this paper, we put together both approaches to perform a detailed comparative-static analysis of the smile in the presence of stochastic volatility. As discussed below, this turns out to be possible given the expressions obtained by DS (1999) for skewness and kurtosis under the stochastic volatility framework for both the conditional and unconditional moments.
Within the stochastic volatility framework, Heston (1993) gives an analytic representation for the return distribution of the underlying asset evaluated by an inverse Fourier series transformation, and obtains a closed-form expression for European options that relies on a single numerical integration. Moreover, Heston relaxes the zero correlation assumption between returns and volatility usually imposed in previous stochastic volatility papers, and assumes a mean-reverting square root process for volatility. These characteristics make Heston's model an appealing framework for analyzing the behavior of option prices, since it is sufficiently flexible to capture kurtosis through the volatility of the variance, to allow for volatility risk and to incorporate skweness due to the arbitrary correlation between returns and volatility. Finally, the use of the model is also justified since it is potentially consistent with the observed time-varying and mean-reverting volatility behavior.
Interestingly, however, the empirical evidence does not seem to support the model as well as we might have expected. In particular, as shown by Andersen et al. (2002), it does not generate enough kurtosis and therefore it cannot explain the
